SWITCHING DEVICE 

[0001] The invention relates to a switching device, in particular a circuit 
breaker, for electrical installations, with a housing having terminals. 

[0002] Such switching devices are employed in various applications as 
circuit breakers, in particular mains circuit breakers. 

[0003] Electrical switching devices have to satisfy certain mandated safety 
regulations. The tight arrangement of electrical switching devices, for example in 
control boxes, makes it necessary to implement certain safety features for such 
switching devices. 

[0004] Regulations, such as the US UL 489, define a minimum separation 
between the current-carrying conductors of adjacent electric switching devices 
that are accessible from the outside. For example, for switching devices 
operating at a voltage U N not exceeding 300 V, an air gap of at least 19.1 mm is 
required between adjacent current-carrying conductors. For an operating voltage 
of U N > 300 V, the required minimum air gap between two adjacent current- 
carrying conductors is already 25.4 mm. 

[0005] Such air gaps between the densely arranged switching devices are 
implemented by increasing the housing widths. The resulting switching devices 
have housing volumes or housing widths that would otherwise not be required for 
their intended function. This not only increases the space requirements, but also 
the costs associated with their manufacture, storage and transport. 

[0006] It is an object of the present invention to provide a switching device 
of the aforedescribed type, which has a high safety margin against spark-over 
between the electrically conducting outside elements of two adjacent, identically 
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constructed switching devices, without significantly changing the width of the 
switching device. 

[0007] The object is achieved by the invention in that at least one shielding 
element is provided that is formed as one-piece on the housing. 

[0008] In this way, the air gap to an adjacent switching device and to its 
terminals can be increased, while the width of the switching device remains the 
same. Accordingly, switching devices with almost identical outside dimensions, 
for example low voltage devices, can be used at higher operating voltages. 

[0009] In an embodiment of the invention, the at least one shielding 
element is formed as an essentially flat plate or a rib. This approach can 
increase the air gap to a neighboring device in a simple and space-saving 
manner. 

[0010] Moreover, in an embodiment of the invention, the at least one 
shielding element can include at least one reinforcing rib. The shielding element 
can then withstand higher mechanical stress, for example during installations, 
without suffering damage. Damaged shielding elements increase the safety risk. 

[0011] According to another embodiment of the invention, two spaced 
apart shielding elements can be provided. By arranging two shielding elements, 
the required air gap with respect to the terminals of an adjacent switching device 
is present on two sides of the switching device. 

[0012] According to another embodiment of the invention, the shielding 
elements can be arranged essentially parallel around the terminal openings 
and/or the fastening screw opening of the terminals. This represents the most 
effective way to shield electrical fields. 



2 



[0013] Particularly leakage currents on the a housing parts of electrical 
components represent a safety risk in addition to the spark-over between the 
electrically conducting portions of two adjacent switching devices. Such electric 
spark-over cannot only occur through the air. The housing walls of the electric 
device represent significantly less resistance for the electric current than an air 
gap. Accordingly, the required minimum path lengths along a housing wall are 
greater so as to prevent conduction between two adjacent terminals through 
leakage currents. 

i 

[0014] The leakage current path typically corresponds to the current path 
in air when several switching devices are arranged side-by-side. For this reason, 
switching devices that satisfy the required minimum leakage current path, are 
typically larger than would otherwise be necessary for the equivalent leakage 
current path in air. Narrow component types which are customary in low voltage 
range can therefore no longer be used above a certain operating voltage. 

[0015] It is therefore another object of the invention to provide a switching 
device that obviates the known disadvantages and that provides with preferably 
the same outside dimensions increased safety against leakage currents between 
the electrically conducting outside sections of two adjacent, identically 
constructed switching devices. 

[0016] The object is achieved by the invention in that at least one recess, 
indentation and the like are provided on at least one housing part and/or on at 
least one element formed on the housing for the purpose of lengthening the 
leakage path. 

[0017] In this way, with the same housing width, the leakage current path 
can be significantly lengthened, which keeps that dimensions of switching 
devices identical to those of low voltage switching devices even for higher 
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operating voltages. 

[0018] In an embodiment of the invention, the at least one recess, 
indentation and the like can be provided on the outside of at least one shielding 
element formed on the housing. The shielding elements of two adjacent, 
otherwise identical switching devices are than no longer placed on top of one 
another, resulting in a significantly lengthened leakage current path due to the 
separation between the shielding elements. 

[0019] According to an embodiment of the invention, the at least one 
recess, indentation and the like can be arranged in the region of a terminal. In 
this way, the path of the occurring leakage current is most effectively lengthened 
when identical switching devices are arranged side-by-side. 

[0020] According to another embodiment of the invention, a corresponding 
recess, indentation and the like can be arranged on the outside of the housing on 
either side of the fastening screw opening. With this housing geometry, the 
clamping screw openings in identical switching devices arranged side-by-side 
represent a particular risk due to leakage currents, which can be effectively 
suppressed in this manner. 

[0021] The invention also relates to a switching device, in particular a 
circuit breaker, for electrical installations with a housing, with at least one 
terminal, including a movable case, a stationary case surrounding the movable 
case, and a clamping screw that can be screwed with a head against a clamping 
support through a through-opening disposed on the fixed case into a thread of 
the movable case, wherein the movable case together with the fixed case form a 
clamping opening for cable ends that can be adjusted with the clamping screw, 
further including a clamping opening for cable lugs that is formed between the 
head of the clamping screw and the fixed case 
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[0022] Switching devices with such terminals are known and frequently 
used. However, such terminals are only suitable to clamp cable ends and so- 
called fork cable lugs. Such terminals can only be used with great difficulty or not 
at all with ring cable lugs. 

[0023] In order to clamp a ring cable lug, the clamping screw has to be 
completely moved away from the clamping opening so as to enable insertion of 
the ring cable lug into the clamping opening. 

[0024] In some embodiments of switches, means are provided to prevent 
the clamping screw from falling out of the cable terminal. Such switches are not 
suitable at all for operating with a ring cable lugs. 

[0025] In embodiments that permit removal of the clamping screw from the 
terminal, a special tool or gravity is required. Aside from the fact that installed 
electrical devices can often not be brought in a position where the clamping 
screws can drop out, dropping conducting components can also represent a 
higher safety risk in an electrically sensitive environment. Applying special tools 
to remove the clamping screw from the clamping region also represents an 
unsatisfactory solution. Handling a screw with pliers is difficult, and the screw 
can still get lost. 

[0026] It is therefore an object of the invention to provide a switching 
device according to the preamble of claim 9, whereby the known disadvantages 
can be obviated and ring cable lugs can be safety used with such switching 
device. 

[0027] The object of the invention is achieved by means that allow the 
clamping screw to be completely unscrewed from the clamping opening. 
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[0028] In this way, the clamping screw can reliably be moved out of the 
clamping region for insertion of a ring cable lug, without requiring additional tools, 
without the aid of gravity, and without removing the clamping screw completely 
from the switching device. 

[0029] According to an embodiment of the invention, the means for 
completely unscrewing the clamping screw from the clamping opening includes 
an thread-free portion of the clamping screw located next to the clamping screw 
head. In this way, a means can be provided adjacent to the screw that is not 
affected by the screw thread. 

[0030] According to an embodiment of the invention, the thread-free 
portion of the clamping screw can have a tapered cross-section. In this way, a 
region can be formed on the clamping screw that is suitable to receive a section 
with an inside thread, without moving this section. 

[0031] According to another embodiment of the invention, the means for 
completely unscrewing the clamping screw from the clamping opening can 
include a platelet that is arranged on the side of the clamping support of the 
terminal that faces away from the case and is oriented parallel and non-rotatably 
relative to the clamping support, with the thickness of the platelet not exceeding 
the height of the thread-free region of the clamping screw. 

[0032] According to another embodiment of the invention, the platelet can 
have a through-opening for the clamping screw which can include at least 
portions of a thread. With the characterizing features of claims 12 and 13, such 
platelet with an interior thread can be arranged on the thread-free tapered cross- 
section of the clamping, without adversely affecting the clamping screw when 
using the clamping opening for cable ends in normal operation. When the 
clamping screw it is unscrewed from the thread of the movable case, the 
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threaded portion of the platelet entrains the screw, so that the screw can now be 
completely screwed out of the clamping region which is now formed between the 
platelet and the clamping support. 

[0033] The invention will be described in more detail with reference to the 
appended drawings which illustrate certain embodiments. It is shown in: 

[0034] FIG. 1 an axonometric view of two switching devices 
according to claims 1 and 6; 

[0035] FIG. 2 a plan view of two switching devices according to 
FIG.1; 

[0036] FIG. 3 an axonometric view of a terminal of a switching 
device according to claim 9; 

[0037] FIG. 4 a terminal according to FIG. 3; 

[0038] FIG. 5 a terminal according to FIG. 3 with a ring cable lug; 

[0039] FIG. 6 a cross-sectional view of a switching device according 
to FIG. 1 with a cable lug according to FIG. 5 in an axonometric view. 

[0040] FIGS. 1 and 2 depict two switching devices S according to the 
invention, in particular circuit breakers, for electrical installations with a housing 2 
having terminals 1, wherein in the region of the terminals 1 at least one shielding 
elements 3 is provided that is formed as one-piece on the housing 2. 

[0041] In control boxes and fuse boxes, various switching devices S, in 
particular circuit breakers, are arranged in a tight space. In order to house the 
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largest possible number of such switching devices S in a limited area, the 
devices are typically relatively narrow and configured so that they can 
advantageously be arranged side-by-side in a space-saving manner. When the 
devices are densely arranged side-by-side, the risk of a spark-over due to an 
insufficient safety separation between the exposed current-carrying conductors 
increases. These conductors typically represent portions of the terminals 1 that 
cannot be completely insulated. Accordingly, the safety separation between the 
current-carrying conductors has to be observed. 

[0042] Comprehensive regulations, for example US UL 498, require a 
minimum separation between externally accessible current-carrying conductors 
that a switching device S must satisfy before the device can be commercially 
sold. For example, an air gap of at least 19.1 mm between adjacent current- 
carrying conductors is required for switching devices S operating at a voltage U N 
not exceeding 300V. The required minimum air gap between two adjacent 
current-carrying conductors for an operating voltage of U N > 300V is 25.4 mm. 

[0043] Typically, switching devices S employed at voltages not exceeding 
300V satisfy the required minimum air gap solely by adapting the size of the 
housing 2 required to house the electromagnetic and/or mechanical components 
of the switching device S. Switching devices with these outside dimensions 
could also be used at significantly higher operating voltages. However, the 
required minimum air gap between adjacent current-carrying conductors would 
then not be satisfied. 

[0044] The minimum air gap between adjacent current-carrying conductors 
required at operating voltages in excess of 300V results in housing dimensions 
which cannot be justified by the functionality of the switching device S alone. 
Mainly the width of the switching device S increases, thus significantly reducing 
the number of identically constructed switching devices S that can be 
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accommodated in a certain area. 



[0045] This disadvantage can be overcome and switching devices S with 
smaller outside dimensions, in particular with a smaller width, can be used at 
high operating voltages, by providing switching devices S according to the 
invention, as recited in claim 1 , in the region of the terminals 1 with at least one 
shielding element 3 that is formed as one piece on the housing 2. In this way, 
the housing width can be the same as that for low voltage switching devices 
(e.g., approximately 17.5 mm). A significantly larger number of switching devices 
S can then be accommodates in a predetermined area than has been possible to 
date. 

[0046] Advantageously, at least one shielding element 3 is formed as an 
essentially flat plate 4 or rib 4. Such plate 4 or rib 4 makes it possible to increase 
the air gap between terminals 1 of adjacent switching devices S in a particularly 
simple manner. The actual shape of such plate 4 or rib 4, as well as the shape of 
a shielding element 1 according to the invention, are not essential for the 
invention, but are a consequence of the housing dimensions and the required air 
gap between two adjacent switching devices S. 

[0047] Shielding elements 3, in particular plates 4 and/or ribs 4, which are 
frequently made of thin-walled plastic material, have a significant risk of 
sustaining damage when handled improperly, in particular during installation of 
the terminals or the switching device, where a shielding element 3 can be 
damaged or brake off. Damaged or missing electric shielding elements 3 
represent a safety risk and can cause devices or facilities to malfunction or injure 
people. Advantageously, at least one shielding element 3 includes at least one 
reinforcement rib 5. Such a reinforcement rib 5 is easy to implement and 
significantly increases the mechanical stability of the shielding element 3. The 
type and the actual configuration of the reinforcement rib 5 can be adapted to the 
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specific requirements. 



[0048] The invention is more particularly directed to the use of switching 
devices S intended for a side-by-side arrangement and distinguished by identical 
housing dimensions. In particular, when it is unclear before installation on which 
of the outside surfaces the next switching device S will be arranged, the 
switching device S can advantageously include two spaced apart shielding 
elements 3. 

[0049] The air gap between the current-carrying portions of two adjacent 
switching devices S can be most effectively lengthened when the shielding 
elements 3 are arranged essentially parallel about the clamping openings 6 
and/or the clamping screw opening 7 of the terminals. In this way, the air gap 
can be most effectively lengthened with minimal use of shielding elements 3, 
regardless where the particular switching device S is located in this assembly of 
switching devices. 

[0050] The potential conductive path through air between two adjacent 
current-carrying sections is not the only safety risk when operating electrical 
switching devices S in a confined space. Practically every solid material, even 
insulators, has a significantly smaller resistance than air. Parasitic electric 
currents, so-called leakage currents, can propagate along housing surfaces and 
thereby provide an electrically conducting connection with an adjacent switching 
device S. 

[0051] Regional regulations have been established that specify the 
minimum leakage current paths between exposed current-carrying conductors of 
two adjacent switching devices S that have to be satisfied by the switching 
devices S. Since the housing 2 presents to the electric current a smaller 
resistance than air, the required minimal leakage current paths are longer than 
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would otherwise be necessary for air gaps. For example, US UL 486 requires a 
clear path of at least 31.8 mm between adjacent current carrying conductors of 
switching devices that operate at voltage U N not exceeding 300V. For an 
operating voltage of U N > 300V, the required leakage current path between two 
adjacent current-carrying conductors is 50.8 mm. 

[0052] Conventional switching devices S arranged side-by-side without 
additional constructive measures would have a leakage current path that is equal 
to the air gap. As a result, electric switching devices S that satisfy the required 
leakage current paths are several times larger than would otherwise be 
necessary to safely satisfy the switching functions. This significantly increases 
the required installation space and the associated cost. 

[0053] FIGS. 1 and 2 show two switching devices S arranged side-by-side, 
in particular circuit breakers for electric installations with a housing 2 with 
terminals 1, whereby at least one recess 8, indentation 8 and the like for 
lengthening the leakage current path are provided on at least one housing 
section and/or on at least one part formed on the housing 2. 

[0054] The recesses 8, indentation 8 and the like seen clearly in FIG. 1 
significantly lengthen the existing leakage current path compared to conventional 
components without changing housing width. The configuration, number and 
shape of the recesses 8, indentation 8 and the like depend on the local situation 
and are adapted to the geometry of the respective switching devices S. As seen 
clearly in FIG. 1, such recesses 8, indentations 8 and the like can also be 
provided on the shielding elements 3. 

[0055] The recesses 8, indentations 8 and the like also cause the shielding 
elements 3 to be offset toward the inside, which is seen clearly in FIG. 2. For 
example, the at least one recess 8, indentation 8 and the like can be provided on 
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the exterior surface of at least one shielding element 3 formed on the housing 2. 
The shielding elements 3, which are implemented in FIG. 2 as a plate 4 or a 
rib 4, are moved away from the housing surfaces towards the inside by a 
distance that prevents the shielding elements 3 from contacting another 
identically constructed switching device S or another shielding element 3 of that 
switching device S. The shielding elements 3 of adjacent switching devices S are 
then not in contact with one another, thereby lengthening the leakage current 
path. 

[0056] Advantageously, the at least one recess 8, indentation 8 and the 
like is arranged in the region of a terminal 1 , because this can be an area where 
leakage currents can be expected. Advantageously, a corresponding recess 8, 
indentation 8 and the like is arranged on the exterior side of the housing on either 
side of the clamping screw opening 7. In this way, the leakage current path can 
be most effectively lengthened, while removing only a minimum of material from 
the housing surface. 

[0057] FIGS. 3 to 6 shows the terminal 1 of a switching . device S, in 
particular a circuit breaker, for electrical installations with a housing 2, with at 
least one terminal 1, including a movable case 10, a fixed case 11 surrounding 
the movable case 10, and a clamping screw 15 that can be screwed with a 
head 13 against a clamping support 14 through a through-opening 9 of the fixed 
case 11 into a thread 12 of the movable case 10, wherein the movable case 10 
together with the fixed case 11 forms a clamping opening for cable ends 16 that 
can be adjusted with the clamping screw 15, further including a clamping opening 
for cable lugs 17 that is formed between the head 13 of the clamping screw 15 
and the fixed case 1 1 , wherein means are provided for completely unscrewing 
the clamping screw 15 from the clamping opening 17. 

[0058] Switching devices S frequently have terminals 1 adapted to receive 
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cable ends and/or fork cable lugs. 



[0059] So-called ring cable lugs R can only be clamped with great difficulty 
or not at all with such terminal 1. When inserting a ring cable lugs R in a 
terminal 1, the clamping screw 15 must move out of the clamping region 17 
before the clamping support 14. 

[0060] It is not uncommon to provide means that prevent the clamping 
screw 15 from falling out of the clamping screw opening 7. Switching devices S 
with such terminals are unsuitable for operating with ring cable lugs R. If the 
clamping screw 15 can be removed at all, then special tools or gravity must be 
used. 

[0061] The means provided in the switching device S of the invention 
make it possible to completely unscrew the clamping screw 1 5 from the clamping 
opening 17, thereby enabling the operation of a switching device S according to 
the invention with ring cable lugs R. 

[0062] The means for completely unscrewing the clamping screw 15 from 
the clamping opening 17 include a clamping screw 15 with a thread-free 
region 18 that is located next to the screw head 13 and has a tapered cross- 
section 1 9 smaller than the cross-section of the thread. 

[0063] The means for completely unscrewing the clamping screw 15 from 
the clamping opening 17 further include a platelet 20 that is arranged on the side 
of the clamping support 14 of the terminal 1 that faces away from the case 11 
and is oriented parallel and non-rotatably relative to the clamping support 14. The 
thickness of the platelet 20 does not exceed the height of the thread-free 
region 18 of the clamping screw 15. The platelet 20 can further include a 
through-opening 21 for the clamping screw 15 which includes at least portions of 
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a thread 22. This through-opening 21 can have an open edge. In this way, a 
particularly simple partial thread 22 can be realized. 

[0064] The platelet 20, which can have a shape different from that 
depicted in FIGS. 3 to 6, is arranged between the clamping support 14 of the 
fixed case 11 and the clamping screw 15 and can be supported on the housing 
parts. It should be noted, however, that the platelet 20, before contacting the 
housing parts, can move away from the clamping support 14 by a certain 
distance that is sufficient to enable the hereby generated gap between the 
clamping support 14 and the platelet 20 to receive a ring cable lug R. Other 
embodiments capable of receiving more than one ring cable lug R can also be 
envisioned. 

[0065] When the terminal 1 is closed or partially closed, for example when 
clamping a cable end, the platelet 20 is arranged on the thread-free region 18, 19 
of the clamping screw 15 with the tapered cross-section. The clamping screw 15 
must then be screwed through the platelet 20. 

[0066] For opening the terminal 1 so that the clamping screw 15 moves 
out of the way of the clamping opening for cable lugs 17, the screw 15 is 
operated so as to open the terminal 1 . If the terminal 1 is fully open and the 
clamping screw continues to move in the same direction, then the clamping 
screw 15 becomes unscrewed from the last turns of the thread 12 in the movable 
case 10. The clamping screw 15 is then raised above the clamping support 14 
and entrains the platelet 20, until the platelet 20 is prevented from moving further 
by housing parts. If the clamping screw 15 is rotated further, then the thread of 
the clamping screw 15 is screwed into the partial thread 22 of the platelet 20. 
Because the housing parts prevent the platelet 20 from moving radially, further 
rotation of the clamping screw 15 moves the clamping screw 15 out of the fixed 
case 11 and out of the clamping opening for cable lugs 17, as indicated in FIG. 5. 
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When the clamping opening 17 is unobstructed, a ring cable lug R can be 
inserted in the clamping opening 17. When the clamping opening 17 is fully 
open, the clamping screw 15 can protrude so far from the clamping screw 
opening 17 that it can be manually removed. However, removal of the clamping 
screw 15 is not required for operating a switching device S with ring cable lugs R. 

[0067] In a preferred embodiment of the switching device S of the 
invention, means are provided that prevent the clamping screw 15 from falling 
out of the clamping screw opening 7. This can be achieved, for example, by a 
small reduction in the diameter in the clamping screw opening 7. The clamping 
screw 15 can then no longer exit from or be removed from the clamping screw 
opening 7. 

[0068] The length of the clamping screw 15 must be selected so as to 
urge, when completely unscrewed from the thread 12 of the movable case 10, 
the platelet 20 against the housing 2, causing the partial thread 22 of the platelet 
20 to engage with the thread of the clamping screw 15. However, the length of 
the thread 12 of the movable case 10 can also be selected so as to satisfy this 
condition. 

[0069] The terminal 1 can be closed by turning the clamping screw 15 in 
the appropriate direction. Shortly before the clamping screw 15 disengages from 
the partial thread 22 of the platelet 20, the clamping screw 15 engages with the 
thread 12 of the movable case 10 and can now be closed in a conventional 
manner. 

[0070] FIG. 6 shows a switching device S with a shielding element 3 and a 
terminal 1 with a ring cable lug R connected to terminal 1. 
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